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Background Controversies still exist regarding the existence of a 'safe' level of alcohol intake during pregnancy. The aim of this study was to assess the risk of fetal death (spontaneous abortion and stillbirth) according to maternal alcohol consumption in a large Danish pregnancy cohort.
Methods
A cohort study carried out within the framework of the Danish National Birth Cohort. A total of the 92 719 participants enrolled in the Danish National Birth Cohort who provided information about lifestyle during first trimester of pregnancy were included in the study. Information about average weekly consumption of alcohol during pregnancy, smoking, coffee drinking, occupational status and reproductive history were obtained by means of computer-assisted telephone interviews. Pregnancy outcomes (spontaneous abortion, stillbirth, live birth and other pregnancy outcome) and gestational age at end of pregnancy were obtained through register linkage with the Civil Registration System and the National Discharge Registry. Data were analysed using Cox regression models, taking the varying gestational age at recruitment and time-dependent co-variables into account.
Results
Fifty-five per cent of the participants abstained from alcohol drinking during pregnancy and only 2.2% reported four or more drinks per week. The adjusted hazard ratios for fetal death in first trimester were 1.66 [95% confidence interval (CI) 1.43-1.92] and 2.82 (95% CI 2.27-3.49) for women who reported 2-3½ drinks per week and 4 or more drinks per week, respectively, and 1.57 (95% CI 1.30-1.90) and 1.73 (95% CI 1.24-2.41) for fetal death during pregnancy weeks [13] [14] [15] [16] . No increased risk was found for fetal death after 16 weeks of pregnancy.
Introduction
Whereas there is a general agreement that alcohol in high doses acts teratogenically, controversies still exist regarding the existence of a 'safe' level of alcohol intake during pregnancy. [1] [2] [3] Thirty years ago, two studies with conflicting results concerning moderate alcohol drinking during pregnancy and risk of spontaneous abortion appeared in the same issue of The Lancet. One study showed no increased risk of first trimester miscarriage with alcohol use, and for second trimester spontaneous abortions the risk was doubled only for women drinking more than one drink per day. 4 The other study showed a more than doubling of the risk of spontaneous abortion among pregnant women drinking alcohol more than once a week but less than daily, compared with abstainers. 5 Studies on moderate alcohol consumption and fetal death published since then have continued to produce conflicting results. Until recently, it has been a trend that studies conducted in the USA and Canada showed a strong relationship, whereas studies conducted in Europe or Australia failed to demonstrate such an association. 1 The aim of this study was to estimate the associations between a low to moderate alcohol intake during pregnancy and fetal death, and to assess the alcohol-related risk of early and later spontaneous abortion, and of stillbirth, respectively.
Methods
The study is based upon data from the Danish National Birth Cohort, in which a total of 100 418 pregnancies were enrolled during the years 1996-2003.
Recruitment to the Danish National Birth Cohort occurred in connection with the first antenatal care visit to the general practitioner, which usually takes place shortly after recognition of the pregnancy. The pregnant woman received written information about the Danish National Birth Cohort at the antenatal visit, and was included as a participant in the cohort when she returned a signed informed consent form to the study secretariat at the Danish Epidemiology Science Centre.
Participants provided information on exposures during the first part of pregnancy by means of a computer-assisted telephone interview scheduled in pregnancy Week 12 or as soon as possible after that date. If the woman had experienced a loss of the pregnancy prior to completion of this interview she was offered an interview that had questions similar to those in the pregnancy interview.
The interviews covered questions on exposures in the first 16 weeks of pregnancy, including information on alcohol consumption, smoking, coffee intake, reproductive history and occupation. More details about this cohort are described elsewhere. 6 All women were asked about alcohol consumption before and during pregnancy. They were asked about the average weekly consumption of bottles of beer during pregnancy, followed by a question about the average consumption of bottles of beer before becoming pregnant. Likewise they were asked about average weekly consumption of glasses of wine and glasses of spirit, respectively. The answers were coded as none, less than one bottle/glass per week or the number of bottles/glasses per week.
For this particular study, we used data from all pregnant women who provided interview information, either early in pregnancy (N ¼ 90 165) or after a fetal loss (N ¼ 2552). From these 92 717 women, 874 (0.9%) were excluded from the analyses due to lack of information about gestational age at recruitment or at the end of pregnancy (N ¼ 40), no information on average alcohol consumption (N ¼ 98) or no information on co-variables included in the regression models (N ¼ 736), thus resulting in 91 843 pregnancies eligible for analysis.
The outcome measure of interest was fetal death and its main compartments, i.e. spontaneous abortion and stillbirth. In Denmark, a stillbirth since 2004 has been defined as the birth of a child showing no signs of life and with a gestational age of 522 completed weeks. Spontaneous abortion is defined as a non-deliberate fetal death of an intra-uterine pregnancy before 22 completed weeks of gestation.
The pregnancy outcomes were identified from the Civil Registration System, the National Discharge Registry and the participating mothers. By record linkage with the Civil Registration System, we identified live-born offspring from all pregnancies in the cohort. From the National Hospital Registry, which contains information about discharge diagnoses on all citizens treated in a hospital setting, we obtained information about other pregnancy outcomes: ectopic pregnancy, induced abortion, hydatidiform mole and spontaneous abortion and stillbirth (Table 1 ). In the few cases where we could not identify outcome of pregnancy by these two procedures we used information about outcome of pregnancy obtained from the mother and registered in the Danish National Birth Cohort Study. These concerned almost exclusively spontaneous abortions, not treated in a hospital setting. Gestational age was calculated from the last menstrual period, which was reported in the informed consent form. Permissions from the Danish Data Protection Board and the Scientific Ethics Committees were obtained before initiation of the study.
Statistical analyses
The hazard ratios for fetal death according to alcohol consumption were estimated by using Cox survival analysis.
Weekly alcohol consumption was calculated by adding the information on weekly consumption of beer, wine and spirit. The answer category 'Less than one beer/glass of wine/glass of spirit per week' was calculated as ½ drink per week. Total weekly consumption was categorised into four groups for analysis: 0 drinks per week, ½-1½ drinks per week, 2-3½ drinks per week and more than 4 drinks per week.
The following co-variables were initially included in the multivariate model: maternal age (24 years, 25-29 years, 30-34 years, 535 years), parity (nulliparous, parous), number of previous spontaneous abortions (0, 1, 2, 3 or more), smoking during pregnancy (0, 1-10 cigarettes per day, 11 or more cigarettes per day), change in weekly alcohol consumption since before pregnancy (decrease of 10 or more drinks per week, 5-9½ drinks per week, 2½-4½ drinks per week, ½-2 drinks per week, no change or increase in drinks per week), coffee consumption during pregnancy (0, 1-7 cups, 8 or more cups per day), and the women's occupational status (higher and lower grade professionals, skilled workers, unskilled workers, students, economically inactive, unclassifiable). Occupational status was subsequently excluded from the final models as the parameter was found unrelated to risk of fetal death in all analyses made and, furthermore, did not affect the risk estimates for the other parameters in the model.
The hazards of fetal death according to average weekly alcohol consumption during pregnancy were estimated in four periods of pregnancy: up to Week 12, Weeks 13-16, Weeks 17-21 and Week 22 onwards, corresponding to the outcomes: spontaneous abortion in first trimester, early second trimester, later second trimester and stillbirth, respectively.
The statistical approach applied was Cox regression models with gestational days (days since last menstrual period) as underlying time variable. The model allowed for delayed entry at the day of recruitment to the cohort. Follow-up ended at the gestational day of fetal loss (spontaneous abortion, stillbirth), live birth or other pregnancy outcome (ectopic pregnancy, induced abortion and hydatidiform mole). In the analyses of fetal loss in specific periods of pregnancy entry time was defined as beginning ALCOHOL AND FETAL DEATH of the specific period or the gestational age at recruitment to the cohort, whatever came last and exit time was day of ending of the specific period or day of ending of pregnancy, whatever came first. The model applied to the total cohort was repeated on a cohort restricted to primigravid women, i.e. women who had never been pregnant before.
All analyses were replicated in the part of the cohort that were interviewed while still pregnant, called the sub-cohort. Entry day in these analyses was day at interview. First trimester events in the sub-cohort were few and, consequently, the risk of fetal loss was estimated in three periods: Weeks 13-16, Weeks 17-21 and Week 522.
In the analysis on the total cohort, the association between parity, smoking and coffee consumption, respectively, and risk of fetal death varied over the course of pregnancy (proportional hazard assumption not fulfilled) and the analyses were stratified according to these parameters, in order to allow these to have different effects on the risk of fetal death in the four periods described above. Likewise, the proportional hazards assumption for parity and maternal age was not fulfilled in the analysis of the sub-cohort restricted to women interviewed during pregnancy, and the analysis was stratified accordingly.
Likelihood ratio tests were used to test for homogeneity and proportional hazards. The Cox regression model was analysed using the SAS procedures software package PROG PHREG. 7 
Results
A total of 91 843 pregnancies, recruited to the Danish National Birth Cohort from 1996 to 2003, took part in this study. Follow-up till end of pregnancy was achieved for 99.9% of pregnancies and of these, a number of 3595 pregnancies resulted in spontaneous abortion or stillbirth.
Almost two-thirds of participants were recruited to the cohort in first trimester of pregnancy and a total of 2521 women in the cohort were interviewed after the pregnancy was lost. Of these, a majority had experienced a first trimester or an early second trimester spontaneous abortion (Table 1) .
Abstaining from drinking alcohol during pregnancy was reported by 55.4% of the women. Approximately a third of the cohort reported drinking alcohol during pregnancy but consuming less than two drinks per week, whereas <0.5% reported drinking seven drinks per week or more. The alcohol consumption during pregnancy was lowest in the young age groups and the proportion of smokers and coffee drinkers was highest among women with a high intake of alcohol (Table 2) . Table 3 shows that the overall hazards of fetal death were elevated for all levels of alcohol consumption compared with abstainers and showed a dose-response pattern. Adjustment for potential confounders attenuated the risks, but they remained substantially elevated as compared with abstainers for women who reported two drinks or more per week.
The risk of spontaneous abortion, i.e. fetal loss within the first 22 pregnancy weeks, was estimated separately for first trimester losses (up to 12 completed weeks), early second trimester losses (Weeks 13-16) and later second trimester losses (Weeks 17-21). We found a steady increase in risk of fetal death with increasing average weekly alcohol intake for the earliest two periods, strongest for first trimester spontaneous abortions. The average weekly alcohol intake did not affect the risk of fetal death after Week 16 (Table 4) .
In order to capture uncontrolled confounding by any behaviour modification related to knowledge about reproductive experiences, success or the opposite, the analysis was replicated on a sub-cohort, restricted to women who were pregnant for the first time. The results from this analysis did not differ from the main analysis (Table 5) . Further restriction to the 21 767 women in the cohort who were primigravid and had conceived within 6 months of trying showed essentially the same results, if anything, most of the risk estimates were larger (data not shown).
The majority of fetal losses occurred early in pregnancy. Thus, the interview information was obtained retrospectively for a considerable number of the events in the cohort. The analyses presented in Table 4 were therefore repeated for the sub-cohort, restricted to women who provided exposure information while still pregnant, i.e. those who participated in the pregnancy interview, scheduled to take place in Week 12 or soonest possible thereafter. It follows that the fetal losses in this sub-cohort occurred later in pregnancy, which only allowed us to estimate the risk of fetal loss from pregnancy Weeks 13-16, between pregnancy Weeks 17-21 and of stillbirth (Table 6 ). For the period Weeks 13-16, we found increased adjusted hazard ratios for fetal death according to weekly alcohol intake. The estimates showed a consistent pattern of increased risk of spontaneous abortion between pregnancy Weeks 13-16 with any alcohol intake, but not any signs of increased risk of fetal death with alcohol intake after this period.
Discussion
In this large cohort study, we found that a low to moderate intake of alcohol during pregnancy was associated with a substantially increased risk of spontaneous abortion. The alcohol-associated increase in risk of miscarriage was constrained to the first 16 weeks of pregnancy and highest in the first trimester, where it displayed a dose-related increase in risk. We found no indication of an association between moderate alcohol intake and later spontaneous abortion and stillbirth, respectively. These findings were consistent, when the analyses were restricted to first-time pregnant women.
The figures on alcohol consumption during pregnancy were surprisingly similar to those reported by Harlap and Shiono 4 more than 30 years ago based on data on 32 019 women from Kaiser Foundation Health Plan. These data were-like ours-analysed by survival analysis. The authors could not detect The discrepancy between these results, presented in the same issue of The Lancet, could be explained by the different designs of the studies. The study by Kline and colleagues was-as most case-control studies-susceptible to recall bias. Harlap and Shiono discussed the fact that it was likely that women entering the cohort early (i.e. seeking antenatal care) constituted a selected group with a higher risk of miscarriage, which might affect their alcohol consumption as well and thus bias the results.
More recent studies are no less conflicting. A cohort study of 546 Italian pregnant women showed no association between moderate alcohol consumption and spontaneous abortion. 8 Similarly, Parazzini 9 showed in a case-control study on risk factors for spontaneous abortion that moderate drinking, in this study defined as one to two drinks per day, did not affect miscarriage risk. A case-control study from Finland concluded that moderate maternal alcohol consumption did not increase the risk of miscarriage. 10 Two Danish studies showed a 43-fold risk of first trimester abortion and stillbirth in women drinking more than four drinks per week, but no association between alcohol intake and second trimester losses after adjustment for potential confounders. 11, 12 These studies used data from a hospital-based cohort with a total of 104 first trimester losses, 217 second trimester losses and 74 stillbirths.
A case-control study from the National Institute of Alcohol Abuse and Alcoholism reported alcohol consumption during pregnancy to be associated with late fetal death. The results show, though, that the odds ratio for fetal death (stillbirth after Week 28) was 1.01 per weekly drink and being an abstainer was actually associated with increased risk of fetal death. 13 Windham and colleagues 14 reported an increased risk of spontaneous abortion in women who drank more than three drinks per week, and found, in concordance with our results, that the alcohol-related risk of fetal loss was higher in the first trimester of pregnancy. This study had the advantages of recruitment and collection of exposure information very early in pregnancy. The proportion of alcohol drinkers in the study was, however, low compared with our study.
The observation that the country of origin seemed to influence the result of the study is intriguing. 1 Since it is less probable that the teratogenetic potential of alcohol differs with geographical position at consumption, one explanation may be that the heterogeneity in risk estimates found in well-conducted epidemiological studies arises from uncontrolled confounding. The list of potential confounders is long and no study can control for all. Contextual influences, such as the social acceptance (or the opposite) of alcohol drinking Adjusted for maternal age, parity, number of previous abortions, coffee consumption, changes in alcohol consumption since prior to pregnancy and smoking. Effect of parity, coffee consumption and smoking stratified according to period. The risks are calculated as hazard ratios (HR). Adjustments are made for maternal age, parity, number of previous spontaneous abortions, coffee consumption, changes in alcohol consumption since prior to pregnancy and smoking. Effect of parity, coffee consumption and smoking stratified according to period.
during pregnancy, may account for some of the differences found in risk estimates. Those who drink even moderately in a society with a strong social injunction against alcohol use during pregnancy are simply different and may take other risks as well. The finding of the high risk estimates for alcohol related fetal loss in our study, conducted in a society with a, relatively, liberal attitude towards moderate alcohol drinking in pregnancy, speaks against this source of confounding. Yet another source of confounding could arise from undetected differences in health-related behaviour as a result of the reproductive experience of the women. Women with a history of fetal loss (or other adverse reproductive outcomes) may have a higher baseline propensity of fetal loss, but they may-on the other hand-change behaviour in subsequent pregnancies as a result of their consciousness of that. We found no indication of such confounding of the association when we analysed the risk of fetal death in the subgroup of the 31 790 women who had never been pregnant before or when we restricted to primigravid women who became pregnant within 6 months of trying, i.e. low-risk women.
The discrepancy between results found in the cohort and in the sub-cohort may arise from two sources. One explanation is that of reporting bias, in this case a systematic difference in reporting of alcohol consumption before and after a fetal death. Women who have miscarried are not in the same situation as women still pregnant when they report about alcohol intake during pregnancy. It could be suspected that women with a miscarriage underreport their alcohol consumption. If this is true, it would lead to an underestimation of the real risk. Some epidemiological literature indicates, however, that recall bias in studies of reproductive outcomes tends to account for higher reporting of potentially hazardous exposures after an adverse pregnancy outcome, than before. 15 If this is the case, it could at least in part explain the positive association between self-reported alcohol consumption and fetal death in Tables 3  and 4 . The other explanation is the distribution of gestational age at fetal loss which is different in the two data materials, because the cohort included a number of fetal deaths occurring early in pregnancy, namely those that occurred prior to the planned pregnancy interview. The relative small discrepancy found Adjusted for number of previous abortions, coffee consumption, changes in alcohol consumption since prior to pregnancy and smoking. Effect of coffee consumption and smoking was stratified according to period. The model is stratified according to maternal age and parity. in the risk estimates for fetal loss later in gestation speaks in favour of the latter explanation as the most important. Self-report of drinking habits implies a risk of misclassification. A study conducted in a setting similar to the Danish National Birth Cohort concluded that for women with a low-to-moderate alcohol intake an average measure from interviews could be applied and considered relatively valid. 16 Some differential misclassification can, however, not be ruled out among the women who were interviewed after a fetal loss and earlier analyses have indicated that women interviewed after a fetal loss actually reported a higher alcohol consumption in comparison with women interviewed before a fetal loss. 17 The strengths of this study are the population-based and prospective design, the relative early recruitment to the cohort, the almost complete follow-up and the use of survival analyses. The risk of fetal death varies with gestational age, with the highest risk in the first trimester. To account for this and for the variation in observation period, we used Cox proportional hazard models to estimate the risk of fetal death. We used an LMP-based measure of gestational age to assure similarity in the gestational age measures between pregnancies that later ended as events and those that were carried to birth. Whereas LMP-based gestational age may be imprecise, the differential misclassification that would result from using the more precise ultrasound-based estimation (that would only exist if pregnancies were carried to the gestational age where routine ultrasound were performed and consequently not in most of the events) was regarded as an unsolicited source of bias. The number of women recruited to the study before pregnancy Week 12 allowed us to estimate the alcohol-related risk of fetal death early in pregnancy. The evaluation of alcohol-related risks of fetal death in the four periods of pregnancy revealed heterogeneity in risks, indicating a more pronounced susceptibility to alcohol early in pregnancy.
The mechanisms of action behind the findings remain unclear. A prospective study of more than 32 000 pregnancies investigating risk of malformations in relation to moderate alcohol consumption (defined as less than six drinks a day) reported no association between moderate alcohol drinking and malformations. 18 This could indicate that the alcohol-induced damages in the embryonic period may to a large extent be incompatible with life. Although alcohol induces fetal resorption in animal models 19 such a phenomenon is not present in humans. A large proportion of early fetal losses are due to chromosomal aberrations, 20 and $70% of these are aneuploidies. 21 Alcohol consumption around the period of conception may alter the normal cell division as both ethanol and its primary metabolite, acetaldehyde are known to interfere with the mitotic/ meiotic spindle apparatus. 22 A review concluded, however, that epidemiological evidence for mutagenic effects of moderate alcohol drinking during pregnancy was sparse. 23 A pre-conception study of 430 couples, without any knowledge of their reproductive capacity but with an actual plan to conceive, showed that alcohol intake in the week prior to conception was associated with a 2-to 3-fold risk of early spontaneous abortion. 24 Despite the attempt to control for that, it might be the case that peri-conceptional alcohol intake accounts for the risks of early spontaneous abortion found in our and other studies.
In this study, we found a strong and graded association between alcohol intake in early pregnancy and risk of miscarriage, especially miscarriage in the first 16 weeks of pregnancy. Miscarriage is a frequent adverse outcome of pregnancy, as 412% of all recognised pregnancies end in a spontaneous abortion. 25 We find it, despite uncertainties in this and other studies, 26 warranted to advocate for caution here and would advice pregnant women to abstain from drinking alcohol in the first 16 weeks of pregnancy.
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KEY MESSAGES
Controversies still exist regarding the existence of a 'safe' level of alcohol intake during pregnancy.
Most studies have been unable to show any increase in risk of miscarriage in women with a light intake of alcohol during pregnancy.
In the Danish National Birth Cohort, we found a strong and graded association between alcohol intake and risk of miscarriage in the first 16 weeks of pregnancy.
Even low amounts of alcohol consumption during pregnancy increased the risk of spontaneous abortion substantially.
Given the fact that miscarriage is the most frequent adverse pregnancy outcome, we find it warranted to advise women to abstain completely from alcohol drinking during the first four months of pregnancy.
